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Abstract	
	
Talinum	paniculatum	Gaertn	is	one	of	traditional	medicine	plants	which	was	commonly	
used	 in	 Indonesia.	 Growth	 of	 its	 plant	is	 low	 in	 natural	 habitat,	 especially	 root	 organ.	
Root	 organ	 contain	 bioactive	 compounds,	 one	 of	 them	 is	 saponin.	 This	 compound	has	
benefits	 such	 as	 aphrodisiac,	 anti‐inflamation	 and	 maintain	 blood	 circulation.	
Accumulation	 of	 its	 compound	 was	 found	 in	 root	 organ,	 so	 enhance	 production	 of	
adventitious	 root	 biomass	 in	 liquid	 culture	 system	 have	 potential	 to	 produce	 raw	
material	as	source	of	pharmaceutical	industry.	This	research	was	conducted	to	enhance	
production	of	adventitious	root	biomass	of	T.	paniculatum	Gaertn	in	baloon	type	bubble	
bioreactor	used	batch	and	continuous	system.	Adventitious	root	biomass	were	induced	
from	 leaves	 as	 explant	 and	were	 cultured	 in	 baloon	 type	 bubble	 bioreactor	 1000	mL	
with	350	mL	MS	medium	supplemented	with		2	mgL‐1	IBA	and	aeration	rate	was	set	0.2	
vvm.	Results	shown	that	continuous	system	+	buffer	is	better	than	batch	system,	which	
produced	 biomass	 four	 fold	 of	 initial	 inoculum.	 Continuous	 system	 provide	 biomass	
production	 better	 than	 the	 others	 and	 supplemented	 of	 buffer	 (NaHCO3)	 influence	
biomass	productivity.		
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1. Introduction	
T.	paniculatum	 Gaertn.	 is	 herbaceous	 plant	which	 classified	 into	 Portulacaceae	
family.	This	plant	has	a	bulging	shape	of	the	roots	similar	with	root	of	Panax	ginseng	and	
used	as	traditional	medicine	plant	in	Indonesia	namely	Java	ginseng.	Root	organ	contain	
bioactive	 compounds,	 one	 of	 them	 is	 saponin.	 This	 compound	 has	 benefits	 such	 as	
aphrodisiac,	anti‐inflamation	and	maintain	blood	circulation.	But,	growth	of	Java	ginseng	
root	 very	 slowly	 in	 their	 natural	 habitat.	 Manuhara	 et	al.	 (2015)	 reported	 that	 it	 has	
known	that	saponins	level	of	java	ginseng	roots	of	three	months	was	lower	than	the	java	
ginseng	roots	growing	in	vitro	for	28	days.	
                                                    
*	Corresponding	author.	Tel.:	+62817584872	;	fax:	+62‐31‐5936502	
E‐mail	address:	wulanmanuhara@gmail.com	
320 
 
Plant	cell,	tissue	and	organ	culture	were	often	an	effective	system	under	in	vitro	
conditions	 to	 study	 the	 biological	 significance	 of	 bioactive	metabolites,	 as	 well	 as	 for	
producing	 natural	 products	 (Cui	 et	 al.,	 2014).	 Several	 secondary	 metabolites	 of	
pharmaceutical	interest	are	accumulated	in	adventitious	roots	culture.	That	culture	can	
be	developed	by	bioreactor.	One	of	bioreactors	for	adventitious	root	culture	was	Baloon	
Type	 Bubble	 Bioreactor	 (BTBB).	 Many	 research	 used	 the	 bioreactor	 to	 culture	 many	
plants	such	as	Eurycoma	longifolia	(Lulu	et	al.,	2015)	and	Morinda	citrifolia	(Baque	et	al.,	
2013).	The	use	of	bioreactors	 for	 large‐scale	cultivation	of	cells	and	adventitious	roots	
has	 become	 feasible	 for	 the	 production	 of	 biomass	 and	metabolites	 (Lulu	 et	al.	 2015;	
Paek	et	al.,	2009;	Cui	et	al.,	 2014).	 Sajc	et	al.,	 (2000)	explained	 that	bioreactor	designs	
currently	 used	 to	 to	 specific	 operating	 parameters	 that	 can	 be	 varied	 to	 modulate	
growth	of	cell	and	function	in	order	to	optimize	product	release	and	separation.	Further,	
the	adventitious	roots	have	a	higher	stability	in	the	chemical	and	physical	conditions	to	
accumulate	 large	quantities	of	bioactive	compounds	on	 intercellular	spaces,	which	can	
be	more	easily	 isolated	(Sivakumar,	2005).	Optimization	and	scale‐up	was	required	 to	
increase	 root	 biomass	 and	 secondary	 metabolites	 (Choi	 et	al.,	 2000;	 Yu	 et	al.,	 2001).	
Optimization	 to	 increase	 adventitious	 root	 biomass	 and	 secondary	 metabolites	 had	
successfull	in	BTBB	(Manuhara	et	al.,	2015).	Paek	et	al.,	(2005)	described	that	bioreactor	
methodologies	for	adventitious	root	cultures	also	have	to	be	developed.	
Many	 factors	 can	 affect	 production	 of	 biomass	 and	 secondary	 metabolites	 of	
adventitious	 root	 production	 during	 scale‐up	 such	 as	 aeration,	 agitation,	 pH	 and	
inoculum	density,	IBA	and	culture	method.	The	aeration	volume	in	the	bioreactors	was	
an	 important	 factor	 which	 control	 the	 accumulation	 of	 biomass	 and	 metabolites	
production	 (Baque	 et	 al.,	 2013).	 The	 plant	 cells	 have	 perceived	 sensitivity	 to	
hydrodynamic	 stress	 associated	 with	 aeration	 and	 agitation	 of	 the	 suspended	 cell.	
Besides,	Hahn	et	al.	(2003)	reported	that	the	accumulation	were	strongly	inhibited	when	
pH	was	maintained	below	4	or	above	7.	Meanwhile,	 inoculums	density	also	 influenced	
production	 in	a	number	of	plant	cell	culture	system	(Baque	et	al.,	2013).	Furthermore,	
Indole‐3‐butyric	 acid	 (IBA)	 is	 widely	 used	 in	 agriculture	 because	 it	 induces	 rooting	
(Zolman	 et	al.,	 2000).	 In	 the	 culture	 method,	 Sajc	 et	al.,	 (2000)	 described	 that	 batch	
cultivations	were	 characterized	 by	 constantly	 changing	 environmental	 conditions	 and	
capable	of	producing	metabolites	associated	with	any	kinetic	pattern.	Batch	studies	are	
used	 to	 determine	 the	 conditions	 for	 maximum	 productivity.	 These	 conditions	 was	
controlled	addition	of	a	limiting	nutrient.	Meanwhile,	a	continuous	flow	reactor	with	cell	
recycle	was	a	 flexible	cultivation	system.	Continuous	flow	with	complete	cell	recycle	is	
often	 referred	 to	 as	 a	 perfusion	 culture.	 Therefore,	 the	 objective	 of	 the	 present	 study	
was	 to	 develop	 a	 protocol	 for	 T.	 Paniculatum	 Gaertn.	 adventitious	 root	 culture	 for	
enhance	 production	 of	 biomass	 used	 batch	 and	 continuous	 system	 in	 bubble	 type	
balloon	bioreactor.		
	
Material	and	Methods	
	
Plant	material	and	adventitious	root	culture	
The	study	was	carried	out	in	the	plant	physiology	laboratory	at	Departement	of	
Biology,	 Faculty	 of	 Science	 and	 Technology,	 Airlangga	 University	 between	 December	
2015	‐	July	2016.	Adventitious	roots	were	induced	from	leaves	of	T.	paniculatum	Gaertn.	
on	solid	MS	(Murashige	and	Skoog’s,	1962)	medium	supplemented	with	7	gL‐1	agar,	30	
gL‐1	 sucrose	 and	 2	 mgL‐1	 indole‐3‐butyric	 acid	 (IBA).	 Samples	 of	 leaf	 (length	2	cm)	
were	the	second	leaf	from	shoot	tip.	All	of	the	explants	were	washed	with	detergent	and	
thoroughly	under	tap	water	for	15	minutes.	Then	surface	of	the	explants	were	sterilized	
by	 5	 %	 (w/v)	 HgCl2	 for	 5	 minutes	 under	 laminar	 airflow.	 After	 that,	 explants	 were	
washed	3‐4	 times	with	 sterile	 distilled	water.	The	 cultures	were	planted	 in	Petri	 dish	
containing	 25	mL	medium	and	pH	was	 adjusted	 to	 5.8	with	 1.0	N	HCl	 or	1.0	N	NaOH	
before	 adding	 7	 gL‐1	 agar	 and	 autoclaving	 at	 121	 0C	 for	 20	min.	 After	 five	weeks,	 the	
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adventitious	 roots	were	 transferred	 to	 liquid	MS	medium	 supplemented	with	 2	mgL‐1	
IBA	in	the	BTBB.		
	
Baloon	type	bubble	bioreactor	(BTBB)	Design	
Bioreactor	with	a	 capacity	of	1	L	was	 filled	with	350	mL	of	 liquid	MS	medium	
supplemented	with	2	mgL‐1	 IBA	and	30	mgL‐1	 sucrose	and	sterilized	by	autoclaving	at	
121°C	 for	 15	 min.	 The	 adventitious	 roots	 were	 cultured	 in	 bioreactor	 with	 various	
treatment	 (batch,	 batch	with	buffer,	 continuous,	 continuous	with	buffer).	NaHCO3	was	
used	as	buffer	in	this	study.	Aeration	volume	was	established	at	0.2	vvm	(volumes	of	gas	
per	 volume	 of	 liquid	 per	 minute)	 and	 the	 initial	 inoculum	 density	 2	 g/350	 mL.	
Bioreactor	was	modified	with	net	in	middle	to	support	growth	of	adventitious	root.	
	
Determination	of	fresh	and	dry	biomass	
The	 cultures	 were	 maintained	 for	 35	 days	 and	 sampling	 has	 done	 for	 every	
seven	days	to	determine	 the	total	sugar,	electrical	conductivity	(EC)	and	hydrogen	 ion	
concentration	(pH)	of	the	medium.	All	the	cultures	were	maintained	at	25	±	20C,	with	a	
16	hour	light	(40	µmol	m−2	s−1)/	8	hour	dark	photoperiod	cycle	provided	by	40‐W	white	
fluorescent	tubes.	After	five	weeks,	the	adventitious	was	harvested	and	separated	from	
the	 medium	 through	 a	 stainless	 steel	 sieve.	 The	 fresh	 biomass	 was	 recorded	 after	
blotting	 away	 the	 surface	water.	 The	 dry	 biomass	was	measured	 after	 drying	 root	 at	
600C	for	48	hour.	
	
Determination	of	total	sugar,	conductivity	and	hydrogen	ion	concentration	
Measurement	has	conducted	to	liquid	MS	medium	supplemented	2	ppm	IBA.	The	
electrical	conductivity	(EC)	was	measured	using	a	conductivity	meter	(Ezdo,	Cond5021),	
total	 sugar	 was	 measured	 using	 a	 refragtometer	 (Atago)	 and	 the	 hydrogen	 ion	
concentration	(pH)	of	the	culture	medium	was	measured	using	a	pH	meter	(Boeco,	BT‐
600)	at	first	week	until	fifth	weeks.		
	
Statistical	analysis	
Fresh	 and	 dry	 biomass	 data	 was	 analysed	 using	 SPSS	 software	 (v.17).	 Mean	
separation	within	column	by	Independent	sample	T‐test	at	P	≤	0.05.		
	
Result	and	Discussion	
	
Batch	and	Continuous	System	
Based	on	data,	fresh	biomass	and	dry	biomass	in	continuous	system	with	buffer	
obtain	 7.80	 g	 and	 0.36	 g	 respectively	 (Table	 1).	 This	 result	 is	 higher	 than	 continuous	
(5.15	g	fresh	biomass	and	0.22	g	dry	biomass),	batch	(4.32	g	fresh	biomass	and	0.27	g	
dry	 biomass)	 and	 batch	with	 buffer	 (4.32	 g	 fresh	 biomass	 and	 0.19	 dry	 biomass).	 As	
shown	in	Table	1,	 the	greatest	response	in	terms	of	biomass	production	 in	continuous	
with	buffer	of	NaHCO3.	In	this	results	on	the	positive	effects	of	IBA	on	adventitious	root	
growth	agree	with	those	reported	by	Cui	et	al.	(2010)	and	Wu	et	al.	(2006).	
Using	of	auxin	were	required	for	the	maintenance	of	plant	cell	and	tissue	culture	
technique,	 which	 were	 associated	 with	 the	 promotion	 of	 growth,	 rooting,	 callus	
proliferation,	 and	 morphological	 diversity.	 This	 study	 has	 shown	 that	 all	 treatment	
provide	 response	 of	 adventitious	 root	 when	 2	 mgL‐1	 auxin	 (IBA)	 was	 added	 in	 the	
medium.	In	similar,	research	of	Kim	et	al.	(2003)	reported	that	IBA	was	more	effective	
than	NAA	in	promoting	dry	mass	accumulation	of	P.	ginseng.	The	highest	root	dry	mass	
was	accumulated	using	media	supplemented	with	IBA	rather	than	NAA	in	a	Karwinskia	
adventitious	root	culture.	The	roots	cultured	with	5.0	and	7.0	mg	L‐1	IBA	were	long	(>1.0	
cm)	and	numerous	(>10),	whereas	the	roots	cultured	with	5.0	mg	L‐1	NAA	were	thicker,	
less	numerous	and	very	short	(Lulu	et	al.,	2015).	Besides,	buffer	of	NaHCO3	was	added	
into	batch	and	continuous	system	shown	the	highest	 fresh	and	dry	biomass	 (Table	1).	
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Sodium	bicarbonate	(NaHCO3)	causes	a	high	buffer	capacity	in	the	cell	culture	medium	
and	keeps	 the	 pH	value	 in	 the	physiological	 area	 during	 cultivation	 (Freshney,	 1992).	
The	required	CO2	concentration	 is	related	to	the	desired	pH‐value.	The	carbon	dioxide	
and	 bicarbonate	 buffering	 system	 was	 most	 commonly	 used	 to	 maintain	 of	 pH.	 The	
bicarbonate	was	 a	weak	buffer	with	 a	pKa	of	 6.1	 	making	 a	 pH	 range	of	 7.2‐7.6	more	
difficult	 to	 prevent	 rapid	 pH	 changes.	 This	 buffer,	 however,	 was	 non‐toxic	 and	 has	
nutritional	 value	 (Davis	 1994).	 The	 inoculum	 density	 was	 found	 to	 have	 profound	
influence	 on	 the	 growth	 of	 roots.	 Praveen	 and	 Murthy	 (2010)	 and	 Lee	 et	al.,	 (2011)	
explained	that	inoculum	density	is	an	important	parameter	affecting	the	performance	of	
suspended	 plant	 cells,	 tissues	 and	 organ	 cultures	 and	 accumulation	 of	 biomass	
productivity.	In	similar,	Baque	et	al.,	(2013)	reported	that	inoculum	density	significantly	
affected	the	accumulation	of	root	biomass	of	M.	citrifolia	during	4	week	of	culture.	In	this	
study,	initial	inoculum	was	established	at	2	mgL‐1	(Table	1).	That	inoculum	is	suitable	to	
generate	optimum	adventitious	root	biomass	T.	paniculatum	in	bioreactor.	
	
Table	1.	Number	of	 root	 at	 four	 treatments	 (continuous	+	buffer,	 continuous,	 batch	+	
buffer,	 batch)	 for	 five	weeks	 in	 bioreactor	 containing	MS	 liquid	medium	with	 2	mgL‐1	
IBA	
Treatments	 Initial	inoculums	(g)	
Fresh	biomass	(g)
(Mean	±	SD)	
Dry	biomass	(g)	
(Mean	±	SD)	
Continuous	+	Buffer	 2.02	 7.80	±	0.30	 0.36	±	0.06	
Continuous	 2.04	 5.15	±	0.47	 0.22	±	0.03	
Batch	+	Buffer	 2.07	 5.96	±	1.07	 0.27	±	0.01	
Batch	 2.01	 4.32	±	0.02	 0.19	±	0.03	
Data	 represents	 mean	 values	 (n=2)	 with	 two	 replicates.	 Mean	 separation	within	 column	 by	
Independent	sample	T‐test	at	P	≤	0.05	
	
Sajc	et	al.,	 (2000)	 in	 their	 review	 that	 fundamental	 studies	of	 bioreactors	with	
plant	 cells	 involve	 three	 important	 scientific	 and	practical	 issues	 related	 to	bioreactor	
design	and	operation	such	as	assessment	of	cell	growth	and	product	formation,	analysis	
and	modeling	 of	 the	 culture	 dynamics,	 and	 studies	 of	 flow,	mixing	 and	mass	 transfer	
between	 the	 phases,	 in	 order	 to	 define	 criteria	 for	 bioreactor	 design	 and	 scale	 up.	
Sivakumar	 (2005)	 added	 the	 bioreactor	 culture	 system	 was	 more	 advanced	 than	 the	
traditional	 tissue	 culture	 because	 the	 bioreactor	 culture	 can	 be	 optimized	 by	 on‐line	
manipulation	of	temperature,	oxygen,	pH,	carbon	dioxide	and	nutrients	in	the	medium.	
Nutrient	 uptake	 of	 roots	 can	 be	 enhanced	 by	 continuous	 medium	 circulation.	
Furthermore,	 cell	 proliferation	 and	 regeneration	 rates	 can	 be	 increased.	 Therefore,	
production	 cost	 and	 time	 can	 be	 reduced	 substantially,	 quality	 of	 product	 can	 be	
standardized	 and	 controlled,	 products	 can	 be	 free	 of	 pesticide	 contamination	 and	
production	 can	 be	 conducted	 all	 year	 round	without	 constraints	 of	 geographical.	 The	
high‐tech	 bioreactor	 technology	 was	 useful	 for	 the	 large	 scale	 cultivation	 for	 bio‐
pharmaceuticals	 from	 plant	 roots.	 Paek	 et	 al.	 (2005)	 also	 reported	 bioreactor	
methodologies	 for	 adventitious	 root	 cultures	 also	 have	 to	 be	 developed.	 Sivakumar	
(2006)	 also	 described	 bioreactor	 culture	 was	 the	 key	 step	 towards	 commercial	
production	of	 therapeutics	by	plant	biotechnology.	The	cultivation	of	adventitious	and	
hairy	roots	in	the	bioreactor	that	supports	efficient	nutrition	of	cells,	possibly	combined	
with	the	application	of	mechanical	stimulation	to	direct	cellular	activity,	differentiation	
and	function.		
In	 this	 present	 study,	 aeration	 volume	 was	 2	 vvm.	 That	 aeration	 has	 shown	
positive	 response	 to	 provide	 oxygen	 for	 growth	 of	 adventitious	 root.	 All	 treatment	 of	
bioreactors	were	not	appear	foaming.	Sajc	et	al.	(2000)	reported	that	oxygen	needs	to	be	
supplied	throughout	the	cultivation.	Since	the	volumetric	productivity	of	high‐viscosity	
and	 high‐density	 cell	 suspensions	 was	 generally	 proportional	 to	 cell	 concentration,	
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which	 in	 turn	 limited	 by	 oxygen	 supply,	 aeration	 was	 a	 major	 concern	 in	 bioreactor	
design	and	scale	up	for	plant	cell	culture.	The	rate	of	gas	exchange	has	to	be	determined	
to	 provide	 sufficient	 supply	 of	 oxygen	while	 preventing	 excessive	 removal	 of	 CO2	 and	
essential	volatiles	from	the	system.	The	high	aeration	may	lead	to	severe	foaming,	which	
has	 considerable	 influence	 on	 the	 cell	 growth	 and	 secondary	 metabolite	 production	
(Zhong	et	al.,	1992).	Foaming	of	plant	cell	suspensions	has	been	correlated	with	aeration	
rates	and	extracellular	protein	concentrations	(Wongasmuth	and	Doran,	1994).	The	high	
oxygen	 levels	near	 the	 surfaces	of	 the	 roots	may	become	 toxic	 to	peripheral	 cells	 and	
cause	localized	oxidative	stress	(Shiao	et	al.,	2000).	
Baque	 et	 al.	 (2013)	 reported	 that	 aeration	 volume	 in	 the	 bioreactors	 is	 an	
important	 factor	 which	 control	 the	 accumulation	 of	 biomass	 and	 production	 of	
metabolites,	because	it	was	mean	for	biomass	circulation	and	provides	essential	gaseous	
composition	 of	 the	 medium.	 Study	 of	 Wu	 et	 al.	 (2007)	 for	 Echinacea	 purpurea,	 an	
aeration	rate	of	0.1	vvm	was	optimal	for	enhancing	adventitious	root	growth	compared	
with	a	high	aeration	rate.	Similarly,	cell	growth	of	Gymnema	sylvestre	was	also	enhanced	
by	 a	 0.1	 vvm	 aeration	 rate	 compared	 to	 a	 0.3	 vvm	 aeration	 rate	 (Lee	 et	al.	 2006).	 In	
bioreactor	culture,	a	gradual	 increase	 in	aeration	rate	 is	often	 favorable	to	cell	growth	
because	 the	 high	 inflows	 of	 air	 agitate	 the	 cells,	 thereby	 elevating	 the	 oxygen	
concentration	in	the	culture,	resulting	in	accelerated	cell	growth	(Lee	et	al.	2011).	
Study	 of	 Sajc	 et	al.,	 (2000)	 reported	 the	 magnitudes	 of	 hydrodynamic	 forces	
associated	with	mixing	should	be	 low	enough	not	 to	cause	 cell	death,	but	 sufficient	 to	
stimulate	 selected	 cell	 functions.	 In	well	mixed	 bioreactors,	 hydrodynamic	 effects	 are	
caused	 by	 the	 time	 and	 space	 fluctuations	 in	 liquid	 velocity	 and	 pressure	 that	 are	
associated	with	viscous	dissipation	of	turbulent	eddies.	Besides,	hyperhydricity	is	often	
associated	with	liquid	culture	and	was	detected	in	some	studies	concerning	continuous	
immersion	 bioreactor	 systems	 (Chakrabarty	 et	 al.,	 2007;	 Shaik	 et	 al.,	 2010).	 Many	
studies	used	the	concept	of	a	critical	shear	stress,	above	which	cell	viability	is	lost.	For	
laminar	 flow	 conditions,	 Vogelmann	 et	 al.	 (1978)	 suggested	 a	 critical	 shear	 stress	
between	80	and	200	N/m2.	Sajc	et	al.	(2000),	reported	that	shear	levels	which	are	below	
levels	causing	cell	damage	while	still	high	enough	for	efficient	mixing	in	the	liquid	phase	
and	 dispersion	 of	 air	 are	 considered	 as	 important	 criteria	 of	 bioreactor	 design.	 Shear	
sensitivity	was	perceived	to	hydrodynamic	stress	associated	with	aeration	and	agitation.	
The	 presence	 of	 thick	 cellulose	 based	 cell	 wall,	 and	 existence	 of	 large	 vacuoles.	 The	
immediate	consequence	of	the	shear	effect	on	plant	cells	is	cell	damage,	which	has	been	
quantitatively	measured	 by	using	 a	 number	 of	 system	 responses	 such	 as	 reduction	 in	
cell	viability	(Scragg	et	al.	1988),	release	of	intracellular	compounds	(Meijer	et	al.	1993),	
changes	 in	 morphology	 and	 aggregate	 patterns	 (Kieran	 et	al.	 1995),	 and	 changes	 in	
metabolism	(Zhong	et	al.	1994).	
In	 this	 study,	 however,	 the	 production	 of	 roots	 did	 not	 present	 symptoms	 of	
hyperhydricity.	 It	 has	 observed	 and	 suitable	 with	 many	 studies	 in	 Hahn	 and	 Paek,	
(2005),	 Jo	 et	al.	 (2008)	 and	 Mariateresa	 et	al.	 (2014).	 For	 reduce	 hyperhydrycity	 of	
adventitious	root	cells,	in	this	study	used	net	at	middle	in	bioreactor.	The	net	has	benefit	
to	avoid	hyperhydricity	and	support	the	plant	mass	has	certainly	contributed	to	prevent	
this	phenomenon	ensuring	a	constant	aeration	of	explants	and	leading	to	good	growth	of	
roots	(Paek	et	al.,	2005).	In	figure	2	have	resulted	fresh	biomass	and	dry	biomass	of	the	
all	 treatments	 (batch,	 batch	 with	 buffer,	 continuous	 and	 continuous	 with	 buffer).	
Morphology	 of	 T.	Paniculatum	 adventitious	 roots	 have	 shown	 the	 same	 texture	 and	
color.	 All	 treatments	 have	 thick	 root	 in	 texture	 and	 brown	 in	 color.	 The	 highest	
accumulation	 of	 adventitious	 root	 biomass	 in	 fresh	 and	 dry	 has	 found	 on	 continuous	
system	with	buffer	(figure	2d	and	2h).	
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Figure	1.	 Adventitious	 root	 culture	 of	T.	paniculatum	 	 Gaertn.	 in	 balloon	 type	 bubble	
bioreactor	 :	 a)	 bioreactor	 with	 continuous	 and	 batch	 system;	 b)	 culture	 process.	 b‐
bioreactor;	 fm‐filter	 membrane;	 tu‐tube;	 ao‐air	 out;	 st‐sample	 tube;	 me‐medium;	 tss‐
triangle	stainless	steel;	ro‐rotatometer;	aq‐aquades.	(Bar	=	2	cm)	
	
		
Figure	 2.	 Adventitious	 root	 of	 T.	Paniculatum	Gaertn.	 :	 a‐d)	 fresh	 biomass	 in	 batch,	
batch+buffer,	 continuous,	 continuous+buffer;	 e‐h)	 dry	 biomass	 in	 batch,	 batch+buffer,	
continuous,	continuous+buffer.	(Bar	=	1.5	cm)	
	
Various	of	treatments	such	as	batch	and	continuous	system	have	considered	in	
this	present	study.	In	batch	system,	periodically	in	two	weeks	that	medium	was	added	
sterile	 distillate	 water	 but	 it	 was	 not	 added	 new	 medium.	 Meanwhile,	 in	 continuous	
system	 that	 medium	 was	 added	 new	 medium	 (MS)	 periodically.	 Similarly,	 Sajc	 et	al.	
(2000)	 explained	 that	 batch	 cultivations	 were	 characterized	 by	 constantly	 changing	
environmental	conditions,	and	are	capable	of	producing	metabolites	associated	with	any	
kinetic	 pattern.	 Batch	 studies	 were	 used	 to	 determine	 the	 conditions	 for	 maximum	
productivity.	 In	 contrast,	 continuous	 flow	 reactor	 with	 cell	 recycle	 was	 a	 flexible	
cultivation	system.	For	a	very	low	cell	recycle	this	system	approaches	a	chemostat,	while	
for	a	complete	cell	recycle	the	system	approaches	 immobilized	cell	culture	suitable	for	
production	 of	 non‐growth	 associated	 products.	 Continuous	 flow	 with	 complete	 cell	
recycle	was	often	referred	to	as	a	perfusion	culture.	Various	models	for	culturing	plant	
cells	have	been	employed	in	suspension	culture	in	order	to	maximize	product	formation.	
Steady	state	continuous	flow	operation,	with	a	constant	withdrawal	of	culture	medium	
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and	cells	is	commonly	used	for	the	production	of	growth	associated	products,	typically	
primary	 metabolites	 and	 biomass.	 The	 continuous	 culture	 technique	 has	 also	 been	
adopted	for	 the	cultivation	of	several	plant	cells	such	as,	Coptis	japonica	 (Matsubara	et	
al.	1989),	Catharanthus	roseus	(Park	et	al.	1990),	and	Nicotiana	tabacum	(Hashimoto	et	
al.	1982).	
	
Total	sugar,	conductivity	and	hydrogen	ion	concentration	in	the	medium	
Determination	 of	 hydrogen	 ion	 concentration	 (pH),	 total	 sugar	 and	 electrical	
conductivity	(EC)	of	the	médium	was	conducted	every	seven	days.	Basically,	total	sugar,	
pH	 and	 EC	 had	 decreased,	 but	 increased	 by	 using	 buffer	 of	NaHCO3	 every	 two	weeks	
(figure	 3).	 The	 total	 sugar	 value	 in	 batch	 system	 are	 different	with	 continous	 system	
which	was	provided	new	medium	in	14	days	and	28	days.	Meanwhile,	pH	in	batch	and	
continuous	without	buffer	decreased	until	35	days,	except	on	batch	and	continuous	with	
buffer	 periodically	 in	 two	 weeks	 increased	 in	 14	 days	 and	 28	 days.	 For	 electrical	
conductivity	in	the	all	treatments	decreased	and	increased	when	was	added	buffer	each	
two	weeks.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Figure	3.	Adventitious	root	culture	condition	 for	35	days.	Culture	condition	change	 in	
(A)	hydrogen	ion	(pH);	(B)	Total	sugar;	(C)	Electrical	conductivity	(EC).	(‐)	before	added	
buffer	and	(+)	after	added	buffer.	
	
Several	 studies	 described	 that	 liquid	 medium	 was	 examined	 by	 electrical	
conductivity,	 pH	 and	 total	 sugar.	 The	 high	 conductivity	 of	 medium	 showed	 that	 the	
adventitious	root	unavailable	to	absorb	inorganic	compounds.	In	study	of	Mariateresa	et	
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al.	(2014)	reported	that	sucrose	availability	in	liquid	medium	(bioreactor).	Adelberg	et	
al.	 (2010)	 also	 reported	 that	 findings	 of	 sucrose	 availability	 in	 liquid	medium	 higher	
than	 in	 gelled	 medium.	 It	 has	 known	 that	 sucrose	 as	 energy	 source	 and	 important	
carbon	for	plant	cells	growth.	Gertlowski	and	Petersen	(1993)	explained	that	it	can	also	
affect	metabolism	of	the	cells	and	production	of	metabolites.	Lee	et	al.	(2006)	reported	
that	sucrose	is	hydrolyzed	into	two	monosaccharides,	glucose	and	fructose,	by	invertase	
which	 bounds	 extracellular	 or	 cell	 wall	 during	 the	 initial	 culture	 period.	 Meanwhile,	
electrical	 conductivity	 (EC)	 values	 of	 the	 residual	media	 progressively	 increased	with	
increasing	 salt	 strength	 of	 the	 culture	 medium,	 whereas	 pH	 values	 progressively	
decreased.	The	EC	values	of	 the	residual	media	reflect	the	uptake	of	 ions	by	roots	and	
represent	an	indirect	method	of	biomass	estimation	(Baque	et	al.,	2013;	Cui	et	al.,	2010).	
In	 plant	 tissue	 culture,	 pH	 is	 an	 important	 factor	 affecting	 biomass	 and	 secondary	
metabolite	accumulation.	For	instance,	in	root	suspension	cultures	of	ginseng,	root	dry	
biomass	 and	 ginsenoside	 accumulation	 were	 strongly	 inhibited	 when	 pH	 was	
maintained	below	4.0	or	above	7.0	(Hahn	et	al.,	2003).	Wu	et	al.,	2006	also	reported	that	
the	growth	of	Echinacea	roots	decreased	when	pH	was	maintained	below	5	or	above	6.	
Lulu	et	al.	 (2015)	explained	 that	 in	 their	 study	after	7	weeks	of	 culture,	 the	pH	of	 the	
medium	declined	as	the	NH4+	level	increased.	The	EC	measurements	have	been	used	as	
an	indirect	method	for	biomass	estimation	during	the	continuous	online	monitoring	of	
nutrient	uptake	 in	 plant	 cell	 culture	bioprocess	 engineering	because	 of	 their	 accuracy	
and	efficiency.		
	
Conclusions	
In	 this	 study,	we	have	 successfully	 established	 adventitious	 root	 cultures	 of	T.	
paniculatum	 1	 L	 capacity	 bioreactors	 containing	 350	 mL	 medium	 and	 worked	 out	
various	treatments	(continuous	+	buffer,	continuous,	batch	+	buffer,	batch).	Treatment	
of	continuous	system	with	buffer	of	NaHCO3	has	shown	fresh	biomass	(7.80	g)	and	dry	
biomass	(0.36	g)	higher	than	the	others.	That	treatment	has	produced	biomass	four	fold	
of	initial	inoculum.	The	continuous	system	provide	biomass	production	better	than	the	
others	and	supplemented	of	buffer	(NaHCO3)	influence	biomass	productivity.	
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